I -IdTR3DUCTION
Recent experiments 11-51 on amorphous a l l o y s containing Praseodymium have shown t h e importance of t h e s i n g l e t c h a r a c t e r of t h e ground s t a t e of t h e Pr i o n a t low temperatures. Magnetic measurements i n amorphous Pr Ag a l l o y s (with x = 50 and x 100-x 21.5) suggest t h a t about 30% of Pr i o n s a r e i n a s i n g l e t ground s t a t e a t 4.2 K [ I ] . The magnetic suw c e p t i b i l i t y x of d i l u t e PrxLa80-xA~20 a l l o y s follows a Curie-Weiss law above 100 K , while t h e low temper a t u r e s l o p e of 1 / x versus T curve i s twice a s much as t h e h i g h temperature v a l u e and t h e s a t u r a t i o n magnetic moment i s roughly 1.4 pB [2] . An a n a l y s i s 131 of t h e s e d a t a suggests t h a t roughly 50% of Pr ions a r e i n a s i n g l e t ground s t a t e . S p e c i f i c h e a t measurements on Pr 21Ag79 [4] and d i l u t e PrxLa80-x A U *~ a l l o y s [3, 51 down t o 0.3K i n d i c a t e a predominance of s i n g l e t ground s t a t e and t h e e x i s t e n c e of very low " c r y s t a l -f i e l d ' ' e x c i t a t i o n e n e r g i e s .
On t h e o t h e r hand, t h e superconducting temperat u r e of Pr La 80-xA~20 remains roughly c o n s t a n t up t o x = 1 and then decreases f o r l a r g e r x v a l u e s . and t h e p o i n t charge model on computer-generated c l u s t e r s of dense random packing of hard s p h e r e s , i n o r d e r t o c a l c u l a t e t h e energy l e v e l s o f t h e r a r e e a r t h (RE) i o n s . It i s found t h a t t h e d i s t r i b u t i o n of A and of t h e o v e r a l l s p l i t t i n g has almost a g a u s s i a n form. Concerning induced magnetism i n amorphous RE a l l o y s , t h e only t h e o r e t i c a l treatment i s due t o H a r r i s e t a l . [7] who developed a n "ad hoc" singlets i n g l e t model w i t h i n t h e u n i a x i a l random anisotropy model ; but they assumed a f i x e d A v a l u e , which disa g r e e s completely with t h e low temperature s p e c i f i c h e a t d a t a and t h e c a l c u l a t i o n s of Cochrane e t aL [6] .
I1 -THE THEORETICAL MODEL.
I n t h e p r e s e n t work, we propose a s i n g l e t -s i ng l e t model w i t h t h e energy s p l i t t i n g A varying randomly o v e r t h e RE s i t e s according t o a g a u s s i a n d i s t r i b u t i o n . D e t a i l e d c a l c u l a t i o n s w i l l be present e d i n a longer paper [8] and we j u s t g i v e h e r e t h e main r e s u l t s .
The Hamilotnian of t h e system i s g i v e n by :
This suggests an induced moment type behaviour chawhere t h e f i r s t term i s t h e CF p a r t , t h e second t h e r a c t e r i s t i c of s i n g l e t ground s t a t e systems, irnplyi~g Heisenberg Hamiltonian and t h e l a s t term correspords a threshold exchange s t r e n g t h f o r t h e o n s e t of mat o a n applied f i e l d H. The CF p a r t d e s c r i b e s f o r gnetism. Such a conclusion i s a l s o drawn by t h e nueach s i t e two s i n g l e t s (denoted by 10.2 and I I .>)
c l e a r h y p e r f i n e s p e c i f i c h e a t c o n t r i b u t i o n which i s s e p a r a t e d by a n energy s p l i t t i n g A. which i s assuimportant f o r x=10 and disappears f o r x=l [5] .
med t o vary randomly over t h e RE s i t e s accordine t o On t h e t h e o r e t i c a l s i d e , t h e e x i s t e n c e of a
. , a g a u s s i a n d i s t r i b u t i o n : s i n g l e t ground s t a t e f o r Pr i s e a s i l y understood i n 1
( A -ao)* amorphous systems a s i n c r y s t a l l i n e ones. The most
p o i n t seems t o b e t h a t t h e energy A of =A] 2 A; e x c i t a t i o n t o t h e f i r s t e x c i t e d s t a t e v a r i e s from
Our r e s u l t s w i l l be presented a s a f u n c t i o n of s i t e t o s i t e . Cochrane e t a l . C61 used t h e most get h e parameter y = A,/% and i n t h e following we n e r a l form of t h e second o r d e r c r y s t a l f i e l d (CF) w i l l r e p l a c e t h e p o l a r i z a t i o n matrix-element Hamiltonian ( f o r t h e ith s i t e ) : ai = < Oi I Jiz 1 1. > by t h e i r average v a l u e a. P h y s i c a l l y , a g i v e s t h e s a t u r a t i o n moment a t 0 K. 
where FT) means an average of F(A) over t h e gauss i a n d i s t r i b u t i o n P(A) .
I n presence of exchange i n t e r a c t i o n , the paramagnetic s u s c e p t i b i l i t y x i s given i n t h e molecular f i e l d approximation 191 by :
' CF where c h a r a c t e r i z e s t h e r e l a t i v e s t r e n g t h of t h e exchange f i e l d with r e s p e c t t o t h e CF s p l i t t i n g and here
The induced magnetic moment gp J=gpB <JZ>,
B
which is computed h e r e by assuming a ferromagnetic exchange i n t e r a c t i o n , i s given by t h e self-consist e n t equation denotes s i n g l e t -s i n g l e t s p l i t t i n g i n t h e presence of a molecular f i e l d .
I11 -RESULTS AND DISCUSSION
W e present some r e s u l t s of t h e t h e o r e t i c a l model i n f i g u r e s 1 t o 4 . I n a l l t h e cases considered, t h e r e i s a sharp peak j u s t below T c' r e f l e c t i n g t h e sharp decrease of t h e induced moment as a function of temperature near Tc. However, no sharp peak has been experimentally observed, but any way i t i s c e r t a i n l y not easy t o s e p a r a t e i t from t h e nuclear contribution. Nevertheless, according t o Garoche e t a l . 151, a s temperature decreases below 1 K, t h e C curve f o r PrIOLa70A~20 r i s e s above t h a t v f o r PrlLa79A~20 and goes through an i n f l e c t i o n point around 0.5 K, which corresponds t o a broad maximum be t h e most appropriate f o r a comparison. On t h e o t h e r hand, t h e low temperature t a i l of t h e two curves corresponding t o A = 1 shows an important decrease with respect t o t h e curves i n t h e absence REFERENCES of magnetic ordering ; t h i s a r i s e s from t h e increa-1 ) C. Pappa, These 3Pme cycle, Universits P a r i s V I s e of t h e s i n g l e t -s i n g l e t s p l i t t i n g i n t h e molecu- In conclusion, i n s p i t e of t h e receding theor e t i c a l d i f f i c u l t i e s , the agreement with experiment a l d a t a i n Pr amorphous a l l o y s i s r a t h e r s a t i s f a ctory, concerning t h e shape of t h e magnetic s u s c e p t i b i l i t y , t h e behaviour of t h e s p e c i f i c h e a t a t low temperatures o r f i n a l l y t h e threshold f o r t h e onset of induced magnetism a s evidenced by superconducting temperature o r nuclear s p e c i f i c h e a t measurements, 3) A. F e r t , , P. Garoche, B. Boucher and J . Durand, I n t . Conf. on C r y s t a l l i n e e l e c t r i c f i e l d and s t r u c t u r a l e f f e c t s i n f-electron systems, Philadelphia, November 1979
